Abstract: Ulcerative colitis (UC) is a chronic, relapsing, and remitting inflammatory disease involving the large intestine (colon). Treatment seeks to break recurrent inflammation episodes by inducing and maintaining remission. Historically, oral systemic corticosteroids played an important role in inducing remission of this chronic disease; however, their long-term use is limited and can lead to adverse events. Budesonide is a synthetic steroid with potent local antiinflammatory effects and low systemic bioavailability due to high first-pass hepatic metabolism. Several studies have demonstrated oral budesonide's usefulness in treating active mild to moderate ileocecal Crohn's disease and microscopic colitis and in an enema formulation for left sided UC. However, there is limited information regarding oral budesonide's efficacy in UC. A novel oral budesonide formulation using a multimatrix system (budesonide-MMX) to extend drug release throughout the colon has been developed recently and seems to be an effective treatment in active left sided UC patients. This article summarizes budesonide's long-term safety and efficacy in treating UC.
Introduction
Inflammatory bowel disease (IBD), including Crohn's disease (CD) and ulcerative colitis (UC), is characterized by a relapsing and remitting course. Aminosalicylates (mesalazine), glucocorticoids, and biological therapies (anti-tumor necrosis factoralpha [TNF-α] therapy) are the drugs used for inducing remission during acute disease flares, and aminosalicylates, immunomodulators, and anti-TNF-α therapy are also used to maintain IBD in remission. 1 Currently, traditional corticosteroids are used more frequently to induce clinical remission of both CD and UC, despite their inability to achieve mucosal healing as well as the multiple adverse effects (AE) which limit their long-term use. A second generation of corticosteroids has been developed to reduce severe side effects and improve safety. Oral budesonide and beclomethasone are two types of locally active oral steroids used in clinical practice. 2 Beclomethasone was initially used in enema form in UC treatment and has recently been formulated as an oral enteric coated compound which is released in the distal small bowel and throughout the colon. 2 Budesonide is a synthetic steroid with high topical glucocorticoid activity and low systemic bioavailability due to its high firstpass hepatic metabolism. 2 In this review, we analyze budesonide's long-term safety and efficacy in treating gastrointestinal diseases and the drug's role with regard to IBD patients, with an emphasis on UC patients. 
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Budesonide, a locally active oral drug, has an improved safety profile and constitutes an important alternative to the classic steroids in frequently encountered gastrointestinal conditions such as CD, microscopic colitis, and eosinophilic colitis. 2, 3 Several reviews have evaluated budesonide's efficacy in treating inflammatory intestinal diseases. [2] [3] [4] The European Crohn's and Colitis Organization recommends using budesonide to induce remission in mild to moderate active ileocecal CD. 5 Budesonide (9 mg per day) was the preferred treatment because it was associated with fewer side effects and demonstrated usefulness in replacing conventional systemic glucocorticoids in CD patients. However, budesonide's efficacy in maintaining remission is controversial and published studies conclude that although this drug may delay relapse after medically induced remission, it is not effective at maintaining remission for 12 months. 3, [5] [6] [7] The efficacy of oral budesonide for active UC is controversial and it has been demonstrated to be less likely to induce clinical remission than oral mesalazine, while having no benefit over the placebo. 8 Therefore, budesonide in its current formulation is not recommended in routine clinical practice. A novel budesonide multimatrix (MMX) preparation has recently completed phase III trials and the preliminary data suggests significant benefit over placebo for the induction of remission in UC. 1, 2, 9 Budesonide's efficacy in treating microscopic colitis in both histological forms, collagenous colitis, and lymphocytic colitis, has been demonstrated in several reviews 2, 3 and in the European Consensus. 10 There has been a recent publication demonstrating budesonide's higher response rate and lower risk of recurrence when compared to prednisone in patients with microscopic colitis.
11
Pharmacology Formulations
Budesonide is a potent glucocorticoid with a high local anti-inflammatory effect and low systemic bioavailability. The first trial published about the use of oral budesonide in CD patients was performed by Lofberg et al in 1993. 12 Budesonide is available in three oral dose forms (Table 1) : a controlled ileal release form, a pH-dependent release formulation, and a MMX formulation. 8, 13 Both controlled ileal and pH-dependent release use enteric coated (Eudragit ® , Evonik Industries, Essen, Germany) pellets and have been approved for treating CD located in the terminal ileum and/or ascending colon. 15, 16 MMX technology comprises hydrophilic and lipophilic excipients, both of which are enclosed within a gastroresistant and pH-dependent coating. This new once a day oral budesonide formulation is released when pH rises above 7 and consequently achieves homogeneous distribution throughout the ascending, transverse, and descending colon allowing it to treat UC more specifically. [15] [16] [17] Budesonide MMX ® is a promising new system that appears suitable for targeted colonic drug delivery and has been shown to increase the response and remission rates in patients with active left sided UC.
9,18
Pharmacodynamics and metabolism
Budesonide is a potent glucocorticoid with high affinity for the glucocorticoid receptor, greater anti-inflammatory potency, and better solubility. Budesonide produces an antiinflammatory effect through downregulation of cytokines with an important role in the inflammation pathways, including nuclear factor-KappaB, TNF-α, and the interleukins 1 and 6. 8, 19 Budesonide exerts its potent local effect because it has approximately 15 times higher binding affinity to the glucocorticoid receptor than prednisolone and is also more effective than triamcinolone. 20 Following oral administration, 
41
Budesonide in ulcerative colitis the drug is absorbed from the intestinal lumen via the apical enterocyte drug transporting P-glycoprotein. The reason for budesonide's minimal systemic absorption lies in the high first-pass effect (over 90%) which is carried out by hepatic cytochrome P450 (CYP3A4 and CYP3A5) enzymes. Once metabolized, it is transforms into two metabolites, 6β-hydroxybudesonide and 16α-hydroxyprednisolone, with negligible glucocorticoid activity (less than 1%) which does not contribute to budesonide's therapeutic action. 3, 13, 20 Side effects
Current UC treatments for an acute flare include aminosalicylates, glucocorticoids, and biological therapies. First line therapy for mild to moderately active UC is mesalazine; corticosteroids and anti-TNF-α therapies are administered in refractory disease. However, anti-TNF-α therapies are very expensive, their use implies a risk of latent infection reactivation, and the serological status (hepatitis B virus and tuberculosis) must be known. For this reason, corticosteroids are frequently the drug of choice in this situation.
1
Conventional corticosteroids are associated with several AE such as hypertension, diabetes, osteoporosis, cataracts, and glaucoma. In contrast to systemic corticosteroids, budesonide has reduced systemic AE due to location specific delivery and a high first-pass metabolism with limited systemic bioavailability. However, it has been demonstrated that it can generate an impact on organs and metabolic activities of the body. 3 The most common AE (.1/100 -,1/10 cases) associated with budesonide are Cushingoid features or hypokalaemia due to effects on the endocrine organs, psychiatric disorders, blurred vision, palpitations, dyspeptic symptoms, skin reactions such as urticaria or exanthema, muscle cramps, and menstrual disorders. 3 Suppression of the hypothalamicpituitary-adrenal axis is common and can be reversed using conventional corticosteroids, but not with newer topically acting corticosteroids. 21 Effects on the nervous system are not common (.1/1,000 -,1/100), although in certain cases tremors may appear. 3 Other rare effects include reduced growth speed and anaphylactic reactions, which occur in ,1/10,000 cases. 3 A study with data from five 1-year, double-blind, placebocontrolled trials in more than 200 CD patients showed that the highest incidence rates of AE were gastrointestinal and endocrine system related in both groups (budesonide 6 mg/day versus placebo). 22 Incidence rates were similar in both groups; however, the budesonide group had a higher incidence of endocrine disorders than the placebo group (P = 0.0042) caused by a higher amount of cutaneous corticosteroid symptoms (P = 0.0036) in the budesonide group, without significant differences in individual symptoms. The budesonide group demonstrated a lower percentage of patients with normal adrenal function at 13 weeks (in three of the five analyzed trials) than placebo groups; however, at 52 weeks (in two of the five analyzed trials) this percentage was dissimilar among the groups. Clinically important or serious AE associated with systemic corticosteroids (sepsis, cataracts, or adrenal insufficiency) were very infrequent and similar between groups. 22 D'Haens et al investigated the influence of budesonide (9 mg for 10 weeks) compared to methylprednisolone (32 mg for 3 weeks with subsequent tapering) on bone turnover and they demonstrated that budesonide does not impair osteoblast activity. 23 Furthermore, while budesonide treatment during the follow-up period has not demonstrated a benefit in fracture reduction, it seems that corticosteroid naïve patients treated with budesonide showed better preservation of bone mass compared to patients treated with prednisolone. 24 
Safety in children and pregnancy
There is limited data regarding safety and efficacy of oral budesonide during pregnancy in IBD patients. Beaulieu et al 25 reviewed their database and identified eight CD patients who received oral budesonide treatment (6 mg/day in six patients and 9 mg/day in two patients) during pregnancy. In this retrospective study, there were no cases of severe maternal side effects (adrenal suppression, glucose intolerance, ocular side effects, and hypertension) and there did not appear to be an increased risk of major congenital abnormalities. 25 Data from allergy rhinitis and asthma patients have also demonstrated that inhaled budesonide is not incriminated as a teratogen in humans and can be used by pregnant women. 26, 27 A serious complication of corticosteroids in children is growth retardation and reduced final height. There are no studies in UC patients evaluating the use of budesonide in children. However, it seems that systemic exposure, systemic availability, and cortisol suppression are similar in children and adults with active CD treated with oral budesonide. 28 Data from child CD patients have demonstrated the safety and efficacy of budesonide compared to systemic glucocorticosteroids. [29] [30] [31] Although budesonide has demonstrated fewer side effects and lower adrenal suppression, prednisolone was more effective for inducing remission. 31 Pediatric patients treated with budesonide had significantly fewer side effects than patients treated with prednisone with similar rates of clinical remission. 
Budesonide in UC Efficacy for inducing remission
There are limited data about the role of budesonide in UC treatment (Table 2) . A review for The Cochrane Collaboration explored all studies and abstracts of gastroenterology scientific meetings that analyzed the safety and efficacy of oral budesonide for the induction of remission of UC. 8 Only three comparative studies and randomized trials met the inclusion criteria. 8 The authors concluded that there is no evidence to recommend oral budesonide for inducing remission in active UC because it was no better than placebo and was inferior to mesalamine. 8 The first study was a small double-blind controlled trial comparing 10 mg of budesonide per day and 40 mg of prednisolone per day. This pilot study did not show differences in endoscopic remission in active UC patients; however, suppression of plasma cortisol levels was less common with budesonide treatment. 32 The second included study was performed by Gross et al in 2009 and has been published in abstract form. 33 Researchers compared 9 mg of budesonide (in a pH-dependent release formulation, Budenofalk ® ) with 3 g of mesalazine (Salofalk ® ; Dr Falk Pharma, Freiburg, Germany). This mesalazine is an aminosalicylate formulation which combines both delayedand extended-release mechanisms. Currently, mesalazine is the first line treatment in mild to moderately active UC disease, whereas systemic corticosteroids are appropriate if symptoms of active colitis do not respond to mesalazine (refractory disease) or in cases of high disease activity. 1 These preliminary results demonstrated that oral mesalazine was significantly better at inducing clinical remission than budesonide after 8 weeks of therapy (relative risk 0.72, 95% confidence interval 0.57 to 0.91). More recently, Gross et al 34 The Clinical Activity Index (CAI) and Endoscopic Index (EI) mean scores decreased from the baseline in both groups but the mean reduction in both scores at the concluding visit was higher in the mesalazine group. Similar median time to first resolution of symptoms and range of AE was observed in both mesalazine (11 days and 25.3% AE) and budesonide (14 days and 26.6% AE) groups. In conclusion, once daily 3 g mesalazine granules are superior to 9 mg oral budesonide for achieving remission in mild to moderate UC. However, budesonide induced clinical remission in about 40% of the patients with rapid resolution of symptoms (14 days) and endoscopic remission in about 50% of patients. 34 The last study included in the Cochrane review was the first study to evaluate the new oral budesonide-MMX ® 9 mg formulation's safety and efficacy in inducing clinical remission at 4 weeks in active left sided UC patients. 18 This randomized pilot study compared budesonide with a placebo for 4 weeks and after all patients received budesonide for 4 more weeks. Eighteen patients were included in each 
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Budesonide in ulcerative colitis group and after 4 weeks of treatment, eight patients (47.06%) achieved a CAI reduction in the budesonide group compared with five subjects (33.33%) in the placebo group. Clinical improvement was also significantly faster in the budesonide-MMX ® group than in the placebo group without suppression of adrenocortical functions (normal pituitary-adrenal axis function in 40% of budesonide versus 60% of placebo group) and without significant side effects. However, the mucosal normalization at 4 and 8 weeks measured by EI and histological remission were not parallel to the clinical symptoms and there were no statistically significant differences among the groups. The authors concluded that although the sample was small, budesonide-MMX ® 9 mg might become an effective treatment in active left sided UC patients without suppressing adrenocortical functions and without significant toxicity. 18 Sandborn et al 9 have recently corroborated budesonide-MMX ® 's efficacy. This double-blind, placebo-controlled trial evaluated budesonide-MMX ® 's efficacy in inducing remission in patients with active mild to moderate UC. 9 Almost 500 patients were randomized to receive budesonide-MMX (9 mg or 6 mg) or mesalazine 2.4 g and placebo for 8 weeks and remission rates were 17.9%, 13.2%, and 12.1%, respectively, compared with 7.4% for the placebo. Clinical and endoscopic improvement rates at week 8 among patients given budesonide-MMX ® were 33.3% and 28.5% in the 9 mg group and 30.6% and 28.9% in the 6 mg group, respectively; in the mesalazine group, rates were 33.9% and 25.0%, respectively, and 24.8% and 16.5% for the placebo group. Clinical and endoscopic remission in the budesonide-MMX ® 9 mg group was significantly higher than the placebo group at week 8. AEs occurred with similar frequencies among groups; however, the percentage of severe AEs was greatest in the placebo group (12.4% compared with 6.3%, 9.5%, and 5.5% in the budesonide 9 mg, budesonide 6 mg, and mesalazine group respectively). The authors concluded that budesonide-MMX ® 9 mg was safe and more effective than the placebo in inducing remission in active mild to moderate UC patients. 9 The pilot studies have demonstrated that budesonide-MMX is better than the placebo, but is less effective than mesalazine in active mild to moderate UC patients. 9, 18 Further studies are required to discover new drugs to improve the treatment and to avoid the use of immunosuppressive drugs in these patients, who could benefit from less aggressive treatments.
The available literature provides three independent and noncomparative studies about the use of budesonide in UC treatment. Keller et al published a pilot study to evaluate oral budesonide's efficacy in a pH-modified release formulation in patients previously treated with conventional corticosteroids. 35 In this study, 14 patients with steroiddependent UC in the reduction phase of conventional corticosteroids following a severe flare up were treated with budesonide 9 mg (in three doses) for 6 months. Eleven patients achieved clinical remission and corticosteroid treatment was able to be withdrawn, and three patients experienced relapse and needed further corticosteroid treatment. In the relapse group, the dose of systemic corticosteroids and the CAI was significantly higher before starting budesonide than in the remission group. In conclusion, treatment with 9 mg of budesonide per day in steroid-dependent UC patients seems well tolerated, effective, and capable of reducing systemic corticosteroids use. 35 An open phase II clinical trial evaluated the pharmacokinetics, the pharmacodynamics, and the safety of two dosage regimens of pH-dependent release budesonide capsules (9 mg once daily and 3 mg three times daily) in 15 patients with active distal UC for 8 weeks. 36 Peak concentrations, systemic availability, and cortisol suppression were more pronounced in the 9 mg once per day group than in the 3 mg three times per day group. The pharmacodynamics profile (lymphocyte and neutrophil count) and the mucosal budesonide levels were similar in both groups. The response rates after treatment for 8 weeks were higher in the 9 mg once per day group than in the 3 mg three times per day group (71% versus 38%) and the EI improved significantly in both groups. This study suggests that budesonide 9 mg once per day is effective in distal colitis with fewer side effects. 36 Finally, there is also a study seeking to determine the benefit of budesonide in clinical practice and identify any Food and Drug Administration unapproved uses that may warrant further study. 37 In total, 225 patients were categorized by indication for therapy in three groups: ileocolonic CD (group one), CD elsewhere (group two), and other conditions (group three) including patients with microscopic colitis, pouchitis, UC, and celiac disease. A favorable outcome occurred in 61% of group one patients but in only 24% of patients in group two. In group three, only microscopic colitis patients and pouchitis patients experienced .50% response rates (77% and 60%, respectively). Although budesonide's benefit in UC was not confirmed, small sample size (only 12 UC patients were included) cannot be excluded as being responsible for this. 37 Budesonide has shown efficacy in inducing remission in mild to moderate active UC patients but this finding must be confirmed in controlled trials that compare effective induction doses of mesalazine. 9 Budesonide-MMX ® 6 mg was not significantly different from placebo in maintaining clinical remission but the probability of clinical relapse at 12 months was reduced and the median time until clinical relapse was longer in the budesonide-MMX ® group when compared to the placebo group. The AEs were similar between treatment groups (21.0%) and placebo (21.3%). They concluded that extended use of budesonide-MMX ® 6 mg may be an option in long-term therapy for maintaining remission in UC patients. 38 Budesonide's role as maintenance therapy in UC patients is still very limited and more studies comparing it to mesalazine are required.
Budesonide in pouchitis
After colectomy, greater numbers of UC patients will develop pouchitis, a frequent complication following total proctocolectomy with ileal pouch-anal anastomosis. In addition, more than 15% will develop a chronic course that can be resistant to antibiotic therapy and that may lead to surgical pouch excision. Further therapeutic options are therefore needed and oral budesonide may be an alternative. There are two studies 39, 40 that evaluated oral budesonide efficacy in inducing remission and improving quality of life in patients with chronic refractory pouchitis after 8 weeks of treatment. Both studies found significant improvement in the pouchitis disease activity index, in the Disease Questionnaire score, as well as the clinical, endoscopic and histological subscores. Oral budesonide appears effective in inducing remission in active chronic refractory pouchitis.
39,40
Topical treatment
Budesonide foams and enemas have also been used in treating distal colitis. Budesonide enemas have been found to be effective and well tolerated due to low systemic bioavailability (15%), with less effect on plasma cortisol level, thereby potentially minimizing steroid side effects. 41 The drug is absorbed in the distal rectum and the hemorrhoid plexus. 42 Two randomized trials compared rectal mesalazine and rectal budesonide in active distal UC and mesalazine was demonstrated to be better than budesonide. 43, 44 In the first study by Lemann et al, 43 budesonide enema 2 mg/100 mL appears to be as efficient and well tolerated as 5-aminosalicylic acid enema in treating active distal UC and proctitis. Both enema forms resulted in significant improvement in endoscopy and histopathology scores as well as in clinical symptoms (number of bowel movements per day, quality of stools, presence of blood and mucus, and state of wellbeing). However, the clinical remission rate at 4 weeks was 38% for patients treated with budesonide enema but 60% for those treated with 5-aminosalicylic acid enema (P = 0.03). 43 The most recent trial by Hartmann et al 44 compared therapy with budesonide enema (2 mg/100 mg) and mesalazine enema (4 g/60 mL) in an open randomized study including 237 patients with active mild to moderate left sided UC. Clinical remission rates of 75% and 60% were achieved after 8 weeks of treatment with rectal mesalazine or budesonide, respectively (P , 0.02). The authors concluded that mesalazine enema was associated with a significantly higher remission rate, which was also supported by favorable trends in the secondary endpoints (Inflammatory Bowel Disease Questionnaire [IBDQ], endoscopic and histological remission).
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Conclusion
Oral systemic corticosteroids have been used to induce remission in active UC patients for over 50 years due to their potent anti-inflammatory effects. However, side effects are frequent and risks associated with long-term therapy outweigh the benefits of this treatment; alternative agents with fewer side effects are needed. Budesonide, a nonsystemic corticosteroid with high first-pass metabolism, may be a viable therapeutic option in patients with active mild to moderate UC. Current studies have failed to demonstrate higher efficacy of budesonide versus mesalazine for the induction of remission in active UC patients. Mesalazine is superior to budesonide for the treatment of active UC. Preliminary data from clinical trials with budesonide-MMX, a new oral formulation of budesonide with a controlled release system, have demonstrated promising efficacy in treating left sided UC patients and may also be an option in maintaining clinical remission. Large prospective and controlled trials are therefore needed. Insufficient data exist on the role of budesonide as maintenance therapy in UC patients and more comparison studies with mesalazine are required. Oral budesonide seems effective in inducing remission in active chronic refractory pouchitis; however, rectal budesonide in 
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Budesonide in ulcerative colitis active distal UC patients has not demonstrated improvement over rectal mesalazine.
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